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Abstract 
 This project aims to determine if sampling efficiency differences are present between a 
sharp edge probe and a blunt edge probe during isokinetic sampling.  To answer this question, 
isokinetic sampling was performed inside a wind tunnel.  Sampling was performed with the 
sharp edge probe and compared to data previously obtained using the blunt edge probe.  Two 
different particle sizes were used, 0.50 µm and 2.00 µm, at air velocities of 0.5 m/s, 1.0 m/s and 
2.0 m/s in the wind tunnel.  Results showed that there is a difference in sampling efficiency 
between the two probes and a larger difference in the larger particle size.  A graph comparing the 
mass concentrations showed an r value of 0.9990 for the 0.50 µm particles and 0.9980 for the 
2.00 µm particles, meaning the larger particle size has a greater difference than the smaller 
particles.  This can be shown further by looking at the average mass concentration for all wind 
speeds, where there was a 2.45% increase in the 0.50 µm particles and a 14.26% increase in the 
2.00 µm particles when going from the blunt edge probe to the sharp edge probe.  Probe shape 
should be considered when selecting equipment for isokinetic sampling as a blunt edge probe 
tends to be less efficient than a sharp edge probe and this difference appears to increase with the 
particle sizes used. 
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Introduction 
 Industrial Hygiene is often referred to as the science of anticipation, recognition, 
evaluation and control of hazardous environmental factors found in an occupational setting.  One 
potential hazardous factor in the workplace is that of aerosols.  Aerosols can be small particles or 
droplets of many different physical types including, but not limited to dust, smoke and mist 
(Hidy, 1984).  Aerosols of small size are particularly of interest due to their behavior in the air 
and in the lungs.  They are generally classified as particles between 0.001 and 100 micrometers 
(aerodynamic equivalent diameter), and particles on the smaller end of the scale have the ability 
to remain in the air for extended periods of time (Plog & Quinlan, 2012).  Different particle sizes 
have different potential regions of deposition in the lungs.  Large particles, greater than 10 
micrometers, will deposit in the upper respiratory tract and do not pose significant health risks, 
smaller particles around 4 to 10 micrometers are commonly deposited in the thoracic region and 
are often cleared by coughing, sneezing or by mucociliary escalation.  The smaller particles, less 
than 4 micrometers, have the potential to reach deeper in the alveolar regions of the lungs.  Here 
there are minimal ways for the particles to be cleared from the lungs and they have a much 
greater chance of reaching the blood stream (Plog & Quinlan 2012).   
 One other trait of particles that will be important in this study is how they interact with a 
particle sampler and how they are deposited from the air onto the sampler’s surfaces.  Particles 
typically deposit in the different sections of the lungs mentioned above in different ways because 
of their aerodynamic size.  There are five main mechanisms of particle deposition in the 
respiratory tract: inertial impaction, sedimentation, interception, diffusion and electrostatic 
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attraction (Plog & Quinlan, 2012).  Plog and Quinlan (2012) state that the effectiveness of 
interception or impaction drastically decreases with particles less than 0.5 micrometers and 
diffusion does not take effect until particle sizes reach approximately 0.1 micrometers.  In this 
study, a sharp-edged probe is being used, as opposed to the blunt edge probe that was used by 
Dr. Garcia in his dissertation titled “Design, Construction, and Characterization of the 
University of South Florida Wind Tunnel” (Garcia, 2018).  It is expected that fewer particles will 
come in direct contact with the sharp edge probe before they actually make it inside the device 
and onto the inner walls and filter. 
 Particles in this study will have to be both generated into aerosolized form from a liquid 
suspension and then collected and analyzed using isokinetic sampling.  The purpose of this 
project is to determine the sampling efficiency differences between a blunt edge sampling probe 
and a sharp edge sampling probe during isokinetic sampling. 
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Literature Review 
Fluorescent Polystyrene Latex Spheres 
 In order to determine the difference in sampling efficiency between the two probes, an 
aerosol needs to be introduced for sampling by the new device.  The particles used for this 
experiment are fluorescent polystyrene latex spheres (FPLSs), which are shown in their bottles in 
Figure 1 below.  These spheres are made from a polymer and can be purchased in many different 
sizes depending on the needs of the research being performed.  FPLSs are precise in size and are 
uniform in shape, making them a precise tool to use in industrial hygiene research and these 
properties allow the user to minimize errors due to incorrect or inconsistent particle size (Garcia, 
2018).  FPLSs, as the name suggests, also have fluorescent dye encapsulated in the polymer.  
Incorporating dye into the particles give them the ability to illuminate when exposed to ultra-
violet light, which prevent leaching of the dye into its liquid suspension and allows the particles 
to be dissolved and have the fluorescence measured by means of a fluorometer (ThermoFisher 
Scientific, 2018).  Measuring the fluorescence with these dyed particles allows for the specific 
measurement of the particles in question with low potential for interference from other particles 
that may skew the results.   
 
Generation of Aerosols  
 There are many different methods that can be used to generate aerosols depending on the 
research needs.  These include generation of particles from both solids and liquid suspensions.     
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 One method is the Collison Nebulizer for generating particles in a liquid suspension.  The 
Collison Nebulizer works by sending water, containing the particles, at extremely high velocities 
through small jets.  This causes partial aerosolization of the particles and water, which then 
collide with the inside wall of the jar removing the majority of the larger particles that remain 
and allowing the smaller particles to travel out of the Nebulizer (BGI Inc, 2002). 
 Another method is the Wright Dust Generator for dry aerosol generation.  Generation is 
achieved by scraping material with a fixed blade and a rotating reservoir containing the material 
(TSE Systems, 2014).  The material is then carried out of the device by air flow through a 
nozzle.    
  
 
Figure 1.  The Blaustein Atomizer 
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  Another method for generation of aerosols from a liquid suspension is the Blaustein 
Atomizer (BLAM) (CH Technologies, Westwood NJ) pictured above in Figure 1.  The BLAM 
works slightly different than the Collison Nebulizer but the same principles are followed.  
Aerosols are generated in the BLAM by forcing compressed gas and liquid out of small jets at 
sonic velocity.  The contents then hit the surface of the liquid in the jar effectively recapturing 
the large particles and allowing the smaller particles to turn and become aerosolized and 
ultimately leave the aerosol generator (CH Technologies).  Two major modes are also available 
to be used with the BLAM.  Single pass mode, in which the test solution is injected directly into 
the nozzle, and multi pass mode, where the user places the test solution in the jar before starting 
the experiment and a small tube is used to recirculate the solution for the duration of the 
experiment (CH Technologies).  Important characteristics of this study, the small particle sizes 
and high air velocities, are why the BLAM was ultimately chosen.  The BLAM has the capacity 
to produce aerosols with particle diameters ranging from around 0.2 to 2.5 micrometers at air 
flow rates from 1.0 L/min to 6.5 L/min (CH Technologies).  The BLAM will allow the required 
concentrations of aerosols to be generated at the high flow rates in the wind tunnel so that 
sampling and analysis can be performed. 
 
Isokinetic Sampling 
 Isokinetic sampling happens when a representative sample of aerosols gets captured by a 
sampling probe in a moving stream of air (Heo, Woo, Lim, Yook & Agn, 2018).  To get an 
accurate representative sample it is important to match the velocity coming into the sampling 
probe with the velocity through a wind tunnel (Plog & Quinlan, 2012).  Sampling at the wrong 
velocity will lead to a skew in the data recorded and this skew depends on the size of the 
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particles and the extent and direction of deviation from isokinetic conditions.  When the 
sampling velocity through the probe is greater than the velocity in the wind tunnel, larger 
particles with higher inertia would not make into the sampling probe, resulting in an 
underestimation of the larger particles (Plog & Quinlan, 2012).  Smaller particles however, under 
these same conditions, would be overestimated because particles that would not have entered the 
probe will now be sucked inside.  When the air velocity in the sampling probe is less than that in 
the wind tunnel, it causes a pressure buildup in the probe.  This pressure causes air that should be 
sampled to flow around the probe instead.  Large particles that should have passed around the 
probe, now flow into it because of their higher inertia causing over estimation of the larger 
particles (Plog & Quinlan, 2012).  A buildup of pressure in the probe causes smaller particles to 
be forced around the probe, resulting in an underestimation of the smaller particles.  Because of 
these factors, it is important that the sampling velocity be calibrated so that the air velocity at the 
probe entrance matches the air velocity through the wind tunnel to ensure isokinetic sampling 
and therefore accurate results.   
When it comes to blunt edge sampling devices versus sharp edge sampling devices, like 
the ones used in this experiment shown in Figure 2 below, a paper from Vincent and Gibson 
(1980) characterizes some of the effects the blunt edge sampler could have on the concentration.  
In the study, they mention what they described as a limiting streamline.  This is an area in the air 
where all particles inside the limiting streamline would effectively end up inside the sampling 
probe, and all particles outside of this streamline would end up going around the probe (Vincent 
& Gibson, 1980).  In this same paper, they conclude that particles can impact onto the edge of a 
blunt edge sampler and eventually make their way into the sampling orifice.   
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Figure 2. Blunt edge (Left) VS. Sharp edge (Right) isokinetic sampling probes. 
 
The result of the entrance of these particles is oversampling (Vincent & Gibson, 1980). These 
particles would have not likely entered the sampling orifice if a sharp edge sampling probe is 
used.  Edge shape could lead to the possibility of recording different concentrations of aerosols 
despite the conditions and actual airborne concentrations being identical.  
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Methods 
Equipment and Setup 
 Figure 3 below shows the set up used for this experiment. 
 
 Figure 3. USF wind tunnel. 
 
This project was performed using the wind tunnel above, designed and constructed in 
Garcia’s 2018 report.  Air velocities ranging from 0.05 m/s to 2.38 m/s can be obtained in the 62 
in. long testing chamber while meeting the velocity profile and turbulence criteria for a wind 
tunnel (Garcia, 2018).  The downstream end of the testing chamber is where the isokinetic 
sampling probe was inserted. 
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Compressed nitrogen gas was used to generate the particles in the BLAM.  The particles 
are called Fluoro-Max (ThermoFisher Scientific, Fremont California) and are shown in Figure 4 
below.   
 
Figure 4. FPLS in liquid solution, 0.5 µm (Left) and 2.0 µm (Right) 
 
The nitrogen gas tank was attached to the BLAM, which contains the particle solution.  A 
diffusion dryer, filled with calcium sulfate and cobalt chloride pellets, was used to remove 
moisture from the generated particles.  A TSI Kr-85 Radioactive Source (Shoreview, MN) was 
used to ensure no static electric charges were present on the particles before entering the wind 
tunnel.  For aerosol collection, two air pumps were used: A General Electric 1/3 HP and 
Marathon Electric 1/6 HP.  Two 4000 Series TSI Mass Flow Meters were used to monitor flow 
rates, one for the compressed nitrogen gas and one for the isokinetic sampling pumps.   
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Aerosol Generation  
 Determining sampling efficiency differences involved a total of 30 runs in the wind 
tunnel.  Particle sizes of 0.5 µm and 2.0 µm, in a 1 percent liquid suspension, were used in this 
project.  For each particle size, five runs were performed at each air velocity: 0.5 m/s, 1.0 m/s 
and 2.0 m/s. Upon entry into the lab, environmental data was collected each day.  This included 
readings for temperature, relative humidity and barometric pressure.     
Figure 3 above shows the wind tunnel and components used in this project.  To perform a 
run, the first step is to start the wind tunnel to achieve the desired velocity.  Velocity is selected 
using a controller for the fan at the end of the wind tunnel, and selecting the correct frequency, in 
Hertz, based on previous calibrations done by Dr. Garcia.  Once turned on, the wind tunnel was 
left to run for a minimum of five minutes, before the introduction of the aerosols, to make sure 
the air in the wind tunnel was laminar.  While the fan was left to run, the next step was to set up 
the BLAM for aerosol generation.  100 µl of the Fluoro-Max particles were added to the jar of 
the BLAM after it was detached.  The same volume of the solution containing the particles was 
added for both particle sizes used in this project.  In addition to the particles, 100 ml of deionized 
water was added to the jar.  After all constituents were added, the jar was reattached.  Tygon 
tubing was then used to attach a compressed nitrogen gas tank, with a filter in line, to the inlet 
spout of the BLAM.  The outlet spout was attached to the diffusion dryer to remove moisture 
from the generated particles to ensure that at the end of the dryer there are only dry, single 
particles left to enter the wind tunnel.  After the diffusion dryer, the particles then flowed through 
the radioactive source.  After the radioactive source, the particles then flowed into the wind 
tunnel using copper tubing.  This tubing, and all tubing and connections from the BLAM 
onward, were replaced when the particle size was changed to ensure there was no contamination 
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and the aerosol would remain monodisperse throughout the project.  Generation of the particles 
was done using a compressed nitrogen tank and compressed tank regulator, set to approximately 
20 psi, which induced a volumetric flow rate of 7.1 L/min.  This flow rate was monitored using a 
TSI Mass Flow Meter.  Once all runs with the initial particle size was completed, the BLAM was 
cleaned using an ultrasonic bath and the pellets in the diffusion dryer and the copper 
pipes/fittings were replaced to prevent any contamination with the new particle size.     
 
Aerosol Collection 
 The aerosolized particles in the wind tunnel were captured for analysis using a method 
known as isokinetic sampling.  Specifically, isokinetic sampling was performed in this project 
using a new sharp edge probe.  Sampling was performed using a sharp edge probe seen in Figure 
2 above, custom made by Global Service and Repair, Sulfur, LA.  Inside this probe was a 37 mm 
diameter, 5.0 µm pore size PVC filter, with a filter backing, that was used to collect the particles.  
The probe was then screwed onto a copper pipe that protruded through the lid to the wind tunnel 
and was adjusted so that the probe was sitting at the center point of the tunnel and facing 
upstream.  This copper pipe was then connected to an air pump using Tygon tubing.  The 1/6 HP 
was used for the 0.5 and 1.0 m/s velocities and the 1/3 HP was used for the 2 m/s velocity.  The 
flow rates for the isokinetic sampling were determined from the velocity in the tunnel, 0.5 m/s, 
1.0 m/s and 2.0 m/s, and the area of the opening of the sampling probe.  The flow rates were 
calculated out to be 13.57 L/m, 27.14 L/m and 54.29 L/m respectively for each of the velocities 
listed and these flow rates were monitored using another 4000 Series TSI Mass Flow Meter.  
Sampling was performed for four hours, for each of the 30 runs.   
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Sample Analysis     
 Figure 5 below shows the tools used during sample analysis. 
 
Figure 5.  Equipment for sample analysis (Fluorometer, polypropylene tubes, particles, pipettes, 
tweezers, rubber policeman, filter backing and filters. 
 
 
Once the four-hour sampling period was over, the nitrogen gas, wind tunnel and 
isokinetic sampling pump were all shut off.  The filter was removed from the probe, using 
tweezers, and placed in a 50 ml polypropylene tube.  A pipet was then used to add 10 ml of ethyl 
acetate to the tube/filter.  The tube was then sealed and tilted back and forth to ensure the filter 
was saturated with the ethyl acetate.  A rubber policeman was used to scrape the inside walls of 
the probe into another 50 ml polypropylene tube.  After scraping, the walls were then washed 
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with 10 ml of ethyl acetate to ensure as many particles were removed as possible.  Both tubes 
were then set aside for 20 minutes to allow the fluorescence to be released from the particles and 
into solution.  After 20 minutes, 190 µl of the solution was pulled out of the 50 ml tube and 
placed in a disposable glass mini-cell cuvette for analysis.  The sample was placed into a 
Promega GloMax Jr. Fluorometer (Madison, WI) using the Promega Part E6073 green filter for 
the detection of fluorescence that was in the particles.  All of these tools can be seen in Figure 5 
below.  Three readings were taken for each sample inserted into the device.  This process was 
then repeated with the solution from the tube that contained the washed and scraped probe.  The 
device gave readings in Fluorescent Standard Units (FSUs), which were then compared with the 
calibration curves in Figure 33 from Dr. Garcia’s dissertation to determine the mass of particles 
collected.  This mass was then used to calculate the mass concentration of particles in each run 
using the equations below.  The first step was to determine the average FSU for each run using 
the following equation: 𝐹𝑆𝑈$%& = 	 )*+,-)*+.-)*+/0     (Equation 1) 
where FSU1, FSU2 and FSU3 are the three readings taken from the sample.  This was done for 
samples from both the filter and the probe.  The next step was to use the calibration curve 
equations from the figure in Appendix II to determine the analyte concentration both with and 
without the filters as shown by the equations below: 
y = 1.9243x+143.85         (Equation 2) 
y = 1.9599x+143.31         (Equation 3) 
 
Values from the calculations above were added together to obtain the total concentration for the 
run.  The total mass of the particles collected was then determined using the following equation: 
     14 
Msample = Csample * Vsample           (Equation 4) 
where M is the mass collected in nanograms, C is the concentration of the sample in 
nanograms/milliliter and V is the volume of the sample in milliliters.  From this the final step 
was to calculate the mass concentration of the sample using the equation: 𝐶234567 = 	 89:;<=>?9:;<=>∗A9:;<=>    (Equation 5) 
where Q is the flow rate in liters/minute and T is the total sampling time in minutes. 
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Results 
 The averages for the environmental data, over the course of the project were 73.77 °F, 
53.2% and 30.06 inches of mercury respectively.   
Table I below shows the data for the isokinetic sampling performed with an air velocity 
of 0.5 m/s and particle size of 0.50 micrometers.  For this table, and all following tables, the data 
labeled with an “S” means it was collected during this project and with the sharp edge sampling 
probe.  Data for the blunt edge probe was previously collected in Garcia 2018, and is labeled as 
“B” below.    
 
Table I.  Sampling Data for 0.50 µm particles and 0.50 m/s air velocity 
Run 
Particle 
Size    
(um) 
Air 
Velocity 
(m/s) 
Fluorescence   
S               
(FSU) 
Fluorescence    
B              
(FSU) 
Mass Conc.    
S           
(ng/ml) 
Mass Conc.   
B           
(ng/ml) 
1 0.50 0.50 498.11 551.04 0.000693 0.000767 
2 0.50 0.50 418.63 452.34 0.000585 0.000632 
3 0.50 0.50 488.21 520.37 0.000680 0.000725 
4 0.50 0.50 439.74 499.10 0.000611 0.000693 
5 0.50 0.50 422.00 466.60 0.000587 0.000649 
Average 453.34 497.89 0.000631 0.000693 
 
Table II below shows the data for the isokinetic sampling performed with an air velocity of 1.00 
m/s and particle size of 0.50 micrometers.    
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Table II.  Sampling Data for 0.50 µm particles and 1.00 m/s air velocity 
Run 
Particle 
Size 
(um) 
Air 
Velocity 
(m/s) 
Fluorescence  
S            
(FSU) 
Fluorescence 
B           
(FSU) 
Mass Conc. 
S            
(ng/ml) 
Mass Conc. 
B         
(ng/ml) 
1 0.50 1.00 * * * * 
2 0.50 1.00 460.60 457.84 0.000321 0.000319 
3 0.50 1.00 487.50 407.35 0.000340 0.000284 
4 0.50 1.00 531.91 398.29 0.000371 0.000278 
5 0.50 1.00 433.93 425.99 0.000302 0.000296 
Average 478.49 422.37 0.000334 0.000294 
   * Run was not used due to presence of an outlier.  See Appendix IV for raw data. 
 
Table III below shows the data for the isokinetic sampling performed with an air velocity of 2.00 
m/s and particle size of 0.50 micrometers. 
 
Table III.  Sampling Data for 0.50 µm particles and 2.00 m/s air velocity 
Run 
Particle 
Size 
(um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S          
(FSU) 
Fluorescence 
B          
(FSU) 
Mass Conc. 
S       
(ng/ml) 
Mass Conc. 
B      
(ng/ml) 
1 0.50 2.00 447.84 309.06 0.000155 0.000107 
2 0.50 2.00 445.42 299.01 0.000155 0.000104 
3 0.50 2.00 416.38 304.84 0.000145 0.000106 
4 0.50 2.00 415.30 270.78 0.000144 0.000094 
5 0.50 2.00 452.84 264.30 0.000158 0.000092 
Average 435.56 289.60 0.000151 0.000101 
 
Table IV below shows the data for the isokinetic sampling performed with an air velocity of 0.50 
m/s and particle size of 2.00 micrometers. 
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Table IV.  Sampling Data for 2.00 µm particles and 0.50 m/s air velocity 
Run 
Particle 
Size     
(um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S            
(FSU) 
Fluorescence 
B           
(FSU) 
Mass Conc. 
S           
(ng/ml) 
Mass Conc. 
B           
(ng/ml) 
1 2.00 0.50 431.46 493.44 0.000597 0.000683 
2 2.00 0.50 478.94 532.67 0.000661 0.000735 
3 2.00 0.50 525.34 482.95 0.000728 0.000669 
4 2.00 0.50 408.79 336.51 0.000567 0.000467 
5 2.00 0.50 552.16 281.14 0.000766 0.000390 
Average 479.34 425.34 0.000664 0.000589 
 
Table V below shows the data for the isokinetic sampling performed with an air velocity of 1.00 
m/s and particle size of 2.00 micrometers. 
 
Table V.  Sampling Data for 2.00 µm particles and 1.00 m/s air velocity 
Run 
Particle 
Size 
(um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S            
(FSU) 
Fluorescence 
B            
(FSU) 
Mass Conc. 
S         
(ng/ml) 
Mass Conc. 
B         
(ng/ml) 
1 2.00 1.00 403.39 410.73 0.000279 0.000284 
2 2.00 1.00 * * * * 
3 2.00 1.00 427.92 358.95 0.000296 0.000248 
4 2.00 1.00 459.02 399.69 0.000317 0.000276 
5 2.00 1.00 * * * * 
Average 430.11 389.79 0.000297 0.000269 
   * Run was not used due to presence of an outlier.  See Appendix IV for raw data. 
 
Table VI below shows the data for the isokinetic sampling performed with an air velocity of 1.00 
m/s and particle size of 2.00 micrometers. 
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Table VI.  Sampling Data for 2.00 µm particles and 2.00 m/s air velocity 
Run 
Particle 
Size 
(um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S            
(FSU) 
Fluorescence 
B           
(FSU) 
Mass Conc. 
S         
(ng/ml) 
Mass Conc. 
B           
(ng/ml) 
1 2.00 2.00 398.20 347.88 0.000137 0.000120 
2 2.00 2.00 397.45 297.26 0.000138 0.000103 
3 2.00 2.00 419.01 246.9 0.000144 0.000085 
4 2.00 2.00 422.95 260.67 0.000146 0.000090 
5 2.00 2.00 412.95 272.88 0.000142 0.000094 
Average 410.11 285.12 0.000142 0.000098 
 
Figure 6 below shows a plot of the mass concentrations, from both the 0.50 µm and 2.00 
µm runs, with the data from the blunt edge probe being plotted against the sharp edge probe.  
This table has the mass concentrations calculated with the outliers from the tables above 
removed.  
 
Figure 6.  Mass concentration of blunt edge probe data vs sharp edge probe data without 
outliers. 
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Discussion 
 To determine if any sampling differences were present between a blunt edge probe and a 
sharp edge probe, isokinetic sampling was performed at various air velocities with 0.50 µm and 
2.00 µm particles generated in a wind tunnel using the BLAM particle generator.  Looking first 
at the runs for the 0.50 µm particles, at an air velocity of 0.50 m/s (Table I) the average mass 
concentration for the sharp edge probe was 0.000631 ng/ml.  This is 9.4% below the 
concentration of the blunt edge probe of 0.000693 ng/ml.  At 1.00 m/s (Table II) the sharp edge 
probe showed an average mass concentration of 0.000327 ng/ml, which is 4.4% higher than 
0.000313 ng/ml from the blunt edge probe.  At 2.00 m/s (Table III) the sharp edge probe showed 
an average mass concentration of 0.000151 ng/ml, which is 39.7% higher than 0.000101 ng/ml 
from the blunt edge probe.  As expected, both probes showed decreasing concentrations as the 
air velocity increased.  For the 2.00 µm particles, at 0.50 m/s (Table IV) the average mass 
concentration for the sharp edge probe was 0.000664 ng/ml.  This is 12.0% above the 
concentration of the blunt edge probe of 0.000589 ng/ml.  At 1.00 m/s (Table V) the sharp edge 
probe showed an average mass concentration of 0.000295 ng/ml, which is 10.3% higher than 
0.000327 ng/ml from the blunt edge probe.  At 2.00 m/s (Table VI) the sharp edge probe showed 
an average mass concentration of 0.000142 ng/ml, which is 36.0% higher than 0.000098 ng/ml 
from the blunt edge probe.  As with the 0.50 µm runs, these showed a decrease in concentration 
as the air velocity increased.   
 During the initial phases of the project, it was hypothesized that there would be a 
difference in sampling efficiency between these two probes and that the difference would be 
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greater as the particle size increases.  This is due to the increase in mass and thus inertia of these 
particles.  Small particles, in this case the 0.50 µm, behave much like a gas due to their low 
inertia, while larger particles would be less influenced by the air in which they are traveling and 
the objects around them.  The graph in Figure 6 above, shows this to be true.  The blue lines 
represent the 0.50 µm particles and the orange lines represent the 2.00 µm particles.  The overall 
average of the mass concentrations for the sharp and blunt edge, for all three wind speeds with 
the 0.50 µm particles, was 0.000372 ng/ml and 0.000363 ng/ml respectively.  For the 2.00 µm 
particles the averages were 0.000368 ng/ml and 0.000319 ng/ml respectively.  This equates to 
just a 2.45% increase in mass concentration for the sharp edge probe with the 0.50 µm particles 
and a 14.26% increase with the 2.00 µm particles.  Looking at the trendlines, it is seen that the 
smaller particles show a stronger correlation between the two probes, with an r value of 0.9990 
with no outliers, and the larger particles show less of a correlation, with an r value of 0.9980.  
While this is not a great difference, it is expected that this correlation would continue to decrease 
as the particle size increases. 
 Data consistency was another difference found between the two probes.  Both the 
standard deviation and the coefficient of variations were calculated for each air velocity at both 
particle sizes.  The sharp edge probe showed better consistency with an average standard 
deviation of 0.000032 and average coefficient of variation of 7.00% compared to the blunt edge 
probes 0.000078 and 21.48% respectively.  These differences could be caused by several factors, 
one of which could be the frequency of equipment checks.  The velocities in the air pumps and 
nitrogen source had a propensity to vary throughout each run, if a longer period of time passed 
between checks this could lead to some variance in the data.  Also, looking more specifically at 
the probes, the blunt edge probe has a larger surface area outside of the opening, when compared 
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to the sharp edge probe, that particles could collide with.  If non-ideal isokinetic sampling 
conditions were present, particles that collided with the probe which otherwise wouldn’t with a 
sharp edge probe, might sometimes be pulled into the probe and onto the filter and other times be 
swept outside and past the probe depending on deviations in perfect isokinetic sampling. 
 Despite Vincent and Gibson concluding that a blunt edge sampling probe would lead to a 
higher mass concentration, this study did not find that to be true.   
 
Study Strengths and Limitations 
 Several factors were identified during this project that were either done well or could 
have been improved upon.  One strength of this study was that the individual who performed the 
original tests with the blunt edge probe for their doctoral dissertation, and the key members of 
their committee were a part of this project as well.  This helped ensure the project was performed 
as similarly as possible to the original, thus reducing many differences and errors that could have 
been made otherwise.  Another strength is that most of the equipment used was the same as the 
original to which it is being compared.  Equipment such as the wind tunnel, aerosol generator, 
particles and many others were the same, which again helps to eliminate errors and provide a 
more accurate comparison.  
 A limitation of this study is the difference in temperature in which the projects were 
performed.  The average temperature during the project with the blunt edge probe was 58.93 °F 
while the average temperature during this project was 73.77 °F.  While it is not suspected that 
this would make a huge difference it is important to note.   
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Further Research 
 A larger difference in sampling efficiency is present in the larger particle size.  It may be 
hypothesized that, by increasing the particle size, this difference would continue to increase.  
Time restraints in this project did not allow for larger particle sizes, 6 µm and 12 µm, that were 
used in the original project with the blunt edge probe to be compared against the sharp edge 
probe here.  Another project could be done, almost identical to this one, to sample these particle 
sizes to see if the trend does continue.  Comparing these two probes again but having both in the 
wind tunnel at the same time, to reduce errors, could also be informative and either further prove 
the findings of this project or show new results.   
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Conclusion 
 The purpose of this project was to determine if there is a sampling efficiency difference 
between a blunt edge and sharp edge probe during isokinetic sampling.  The data above suggest 
that there is such a difference in sampling efficiency between the two and more so in the larger 
particle size.  This is shown by the 2.45% average increase in mass concentration with the sharp 
edge probe and 0.50 µm particles and 14.26% average increase with the sharp edge probe 2.00 
µm particles.   
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Appendix I – Table/Figure Permission 
 
 
 
 
 
 
 
 
 
     26 
 
 
Appendix II – Figure 33 from Garcia 2018 
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Appendix III – Tables 14-19 from Garcia 2018 
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Appendix IV – Raw Sampling Data (With Outliers) 
0.5 um @ 0.5m/s    
Run 
# 
Particle 
Size 
 (um) 
Air Velocity 
(m/s) 
Fluorescence   
S               
(FSU) 
Fluorescence   
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 0.5 0.5 498.11 551.04 0.000693 0.000767 
2 0.5 0.5 418.63 452.34 0.000585 0.000632 
3 0.5 0.5 488.21 520.37 0.000680 0.000725 
4 0.5 0.5 439.74 499.1 0.000611 0.000693 
5 0.5 0.5 422.00 466.6 0.000587 0.000649 
  Average  453.34 497.89 0.000631 0.000693 
  Std.Dev. 37.39 39.95 0.000052 0.000055 
  CV 8.25 8.02 8.23 7.95 
 
0.5 um @ 1.0m/s    
Run 
# 
Particle 
Size 
 (um) 
Air Velocity 
(m/s) 
Fluorescence  
S               
(FSU) 
Fluorescence  
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 0.5 1.0 435.38 555.49 0.000303 0.000386 
2 0.5 1.0 460.60 457.84 0.000321 0.000319 
3 0.5 1.0 487.50 407.35 0.000340 0.000284 
4 0.5 1.0 531.91 398.29 0.000371 0.000278 
5 0.5 1.0 433.93 425.99 0.000302 0.000296 
  Average  469.86 448.99 0.000327 0.000313 
  Std.Dev. 41.01 63.75 2.92E-05 4.39E-05 
  CV 8.73 14.20 8.92 14.05 
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0.5 um @ 2.0m/s 
Run 
# 
Particle 
Size 
 (um) 
Air Velocity 
(m/s) 
Fluorescence 
S               
(FSU) 
Fluorescence  
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 0.5 2.0 447.84 309.06 0.000155 0.000107 
2 0.5 2.0 445.42 299.01 0.000155 0.000104 
3 0.5 2.0 416.38 304.84 0.000145 0.000106 
4 0.5 2.0 415.30 270.78 0.000144 0.000094 
5 0.5 2.0 452.84 264.3 0.000158 0.000092 
  Average  435.56 289.60 0.000151 0.000101 
  Std.Dev. 18.20 20.58 6.33E-06 7.06E-06 
  CV 4.18 7.11 4.19 7.01 
 
2.0 um @ 0.5m/s    
Run 
# 
Particle 
Size 
 (um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S               
(FSU) 
Fluorescence  
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 2.0 0.5 431.46 493.44 0.000597 0.000683 
2 2.0 0.5 478.94 532.67 0.000661 0.000735 
3 2.0 0.5 525.34 482.95 0.000728 0.000669 
4 2.0 0.5 408.79 336.51 0.000567 0.000467 
5 2.0 0.5 552.16 281.14 0.000766 0.000390 
  Average 479.34 425.342 0.00066381 0.0005888 
  Std.Dev. 60.60 109.73 8.41E-05 1.51E-04 
  CV 12.64 25.80 12.67 25.62 
 
2.0 um @ 1.0m/s    
Run 
# 
Particle 
Size  
(um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S               
(FSU) 
Fluorescence  
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 2.0 1.0 403.39 410.73 0.000279 0.000284 
2 2.0 1.0 404.14 958.07 0.000281 0.000667 
3 2.0 1.0 427.92 358.95 0.000296 0.000248 
4 2.0 1.0 459.02 399.69 0.000317 0.000276 
5 2.0 1.0 435.01 228.81 0.000300 0.000158 
  Average 425.90 471.25 0.000295 0.000327 
  Std.Dev. 23.26 281.59 1.55E-05 1.97E-04 
  CV 5.46 59.75 5.20 73.05 
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2.0 um @ 2.0m/s    
Run 
# 
Particle 
Size (um) 
Air 
Velocity 
(m/s) 
Fluorescence 
S               
(FSU) 
Fluorescence  
B               
(FSU) 
Mass Conc.        
S           
(ng/ml) 
Mass Conc.       
B           
(ng/ml) 
1 2.0 2.0 398.20 347.88 0.00013736 0.00012 
2 2.0 2.0 397.45 297.26 0.00013772 0.000103 
3 2.0 2.0 419.01 246.9 0.00014425 0.000085 
4 2.0 2.0 422.95 260.67 0.00014603 0.000090 
5 2.0 2.0 412.95 272.88 0.00014225 0.000094 
  Average 410.11 285.12 0.000142 0.000098 
  Std.Dev. 11.77 39.67 0.000004 0.000014 
  CV 2.870 13.913 2.740 13.982 
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Appendix V – Mass Concentration Blunt vs Sharp Edge Probe W/ Outliers 
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